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CONTINUED INVESTIGATIONS IN THE NAAL LOW SPEED

WIND TUNNEL INT0 THE EFFECTS OF THE

AIR BREATHING PROPULSION SYSTEM ON ORBITER

SUBSONIC ST_ILITY AND CONTROL CHARACTERISTICS (OA62A)

By Robert Mennell, Rockwell International/Space Division

ABSTRACT

Experimental aerodynamic investigations were conducted on a sting-

motuuted 0.0405-scale representation (model 43-0) of the 140A/B Space Shuttle

Orbiter in the Rockwell International 7.75- by ll.00-Foot Low Speed Wind

Tunnel during the time period from October 5, 1973 to October 23, 1973.

The NASA designation for this test was 0A62A.

The primary test objective was to continue studies, initiated on tests

OA16 and OATIA and OA71C, in optimizing the air breathing propulsion system

(ABPS) and investigating the aerodynamic effects of various nacelle number/ !_i

location configurations on the orbiter stability and control characteristics. ,_
iJ

The various ABPS configurations tested all were of the short cowl,

short diverter, 7° cowl lip angle, and 7° diverter lip angle design and,

with the exception of the centerline nacelle, were toed-in 5° relative to

freestream. The centerline nacelle was always parallel to freestream. The

valiou8 nacelle number/location groupings were as follows: i) Five single
I

nacelles located' underwlng; 2) Six single nacelles located underwing;

3) Five nacelles, one single centerline and two pods of two nacelles located

underwing; 4) Six nacelles, three pods of two nacelles located underwing;

iii
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i 5) Six nacelles, three pods of two nacelles, one centerline _derwing, ii '• i

i_ two overwing; 6) Six single nacelles, four located underwing, two located ....

on aft fuselage sidewalls. In addition to the aforementionednacelle vari-

ations different pylon heights and nacelle fuselage station locations were i

also tested.

_! Orbiter stability and control characteristics,both with and without

ABPS, were investigatedat elevon deflections of 0°, ±5°, ±i0_ ±15°, and

-20°; aileron deflections of 0° and 1O° (about 0° elevon); and rudder de-

: flections of 0°, -7.5°, and -15°. Aerodynamic force and moment data was

measured in the body axis system by a 2.5-inch Task type internal balance.

The model was sting supported through the base region with a nominal angle

1 of attack range of -4 < _ < 30° Yaw polars were recorded over the beta• _ _ *

range of-lO _ _ =<i0° at fixed angles of attack of 0°, 5°, i0°, and 15°.J

iv

1974021172-005



r :: .... _T_-_ _7_ _i_ _-_ _-_ _ _--__ --._¸_-_,_,,,¸-_ _ f_¸_,,_ ,,-__ _ _¸__._• ..... • ..........= _ _ _ ............._ .................. :_ _..... _ ;:__._._........*_• _....... ....

TABLE OF CONTENTS

t !

Page

ABSTRACT iii

INDEX OF MODEL FIGURES 2

INDEX OF DATA FIGURES 3

NOMENCLATURE 8

CONFIGb'RATIONS INVESTIGATED ii

TEST FACILITY DESCRIPTION 13

DATA REDUCTION lh

TABLES

I. TEST CONDITIONS 16

II. DATA SET/RUN NUMBER COLLATION SUMMARY 17

IIl. MODEL DIMENSIONAL DATA 23

FIGURES

MODEL h9

DATA 55

APPENDIX

TABULATED SOURCE DATA

1974021172-006



....... I iI

J
INDEX OF MODEL FIGURES I

l' 1
Figure Title Page

i Axis systems.

i a. gtability and bod,vaxes. 49

i b. Sign convention for control surfaces. 50

i 2 General arrangement - lh0 orbiter. 51 !

_ 3 Model photographs. !
i I

a. Front view, NAAL installation, confi6uration 52

[ B26 C9 F8 Jk8 WII6 E26 V8 R5 XlO

! b. Bottom view, NAAL installation, nacelles Jsh with 52
brace struts

_ c. Front view, NAAL installation, configuration 53

I B26 C9 F8 Js0 Wll6 E26 V8 R5 Xlo "
i

d. Bottom view, NAAL installation, nacelles J56 flush 53
: mounted
I

e. Front view, NAAL installation, configuration 5h

B26 C9 F8 J56 WII6 E26 V8 R5 XlO

f. Front view, NAAL installation, configuration 54

B26c9 F8 _TsTWl16EZ6V8 R5 XIO

2

1974021172-007



" _t I I I I I & I I I

1974021172-008



(b

L .J

1974021172-009



0

L_

1974021172-010



I

6

0

1974021172-011



INDEX OF DATA FIGURES (CONCLUDF_)

(I

COEFFICIERTSCHEDULE:

A: CL, CD, CDFw CAs CAF, CAB_ CNt CIRF_Dg CLMAFT,
XCP/L, L/D, VS. ALPHA !
CL, CN VS. CLMFWD
CL VS. CD

B: CYI_, CBL, CY VS. BETA
CY_, CBLBET, CYI_A VS. ALPHA i

1974021172-011



N0t4HICLATURE
General

SA_£C

S2MBOL S2MBOL D_J3qITION

e speed of sound; m/see, ft/sec

i Cp CP pressure coefficient; (Pl " P=)/q

i M PL_CH Hoch number; V/8

H/m2, psfp pressure;

1/2pV 2 , N/m2 , psf

! l_/L _/L unit Reynolds number; per m, per ft

V velocity; m/see, ft/see

!. _ ALPHA angle of ettsek, degrees

_ BETA ankle of sideslip, degrees

PSI snsle o_ ynv, degrees

PHI ensle of roll, degrees

p mssdensity;kdm, slu s/ t3
Reference & C.G. Definitions

Ab, .. bose ores; _, ft 2

b _R]_ vini; span or reference sport; n, ft

e.g. seater of _evtt¥

LR_' reference length _ vtn_ aeen
eerod_'ns_leeho_J; m, ft

6 _ ring ores so" reference ores; m2, Ft 2

)4RP r_utn_ reference po£nt

_4RP moment role:once point on X axis

214RP u_uent reference point on X ex_s

uouen_ reference _Ant on Z ex_s

b bu_
1 loeel
e s_etle ee_tlt/ous
t t_tel eoudltlons
o f_ee streou

!
. .... i

i 8

I
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1974021172-013



H_@_NC'_E (Contlnued)

,B_y-AxisS_stem

I

_ C_ normal-force coefficient; normal force
I- qS

.CA ' CA .axial-force coefficient; ax.t.81 force
qS

Cy CY aide-force coefficient; side force
qS

CAb CAB base-force coefficient; base force
qS

'Ab(Pb - Pa_)/qS

OAf CAF forebody axial force coefficient, CA . CAb

_n CLM pitching-moment coefficient; pltehin_ moment
qs/Rm,

Cn _ yawing-moment coefficient; yawing moment
qSb

C_ CBL rolling-moment .c_fflcient; rollln_ moment
qSb

Stsbilit_-A_tsS_stem

CL lift coefficient; llft
qS

CD CD drag coefficient; drag
qS

% CDB base-drag c_fficient; base drag
qS

CI)f CDF forebody drag coefficient; CD - CDb

Cy CY side-force coefficient;side force
,qS

Cm Oil4_ pitching-moment coefficient; pitching moment

Cn C_N yawing-moment coefficient; yawing moment
qSb

C_ CSL rollin_-moment coefficient; rollln_ moment
qSb

L/D L/D lift-to-drag ratio; C_/CD

9

0
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:i I• NOMENCLATURE (Continued) _....Additions To Standard List '

Plot i :_

.:. _ SymbOl Des,cri_tion

AB area of model base (without OMS pods ), ft2

ABC area of balance cavity, _t2

C_C balance cavity axial-force coefficient correction i:_-_i""

CAN nacellecorrectioninternalduct drag axial-force coefficient ..)ii

I_
CAT model weight tare axial-force coefficient correction ._

_a AILRON aileron deflection angle, degrees

_e ELEVON elevon deflection angle, degrees

. _f BDFI_P bo_7 flap deflection angle, degrees _.,_

_r RUDDER rudder deflection angle, degrees !_

_AC X/_ NACX/L nacelle longitudinal location _iven as fraction

of nacelle length from nominal position given on "
' _imensional Da_a sheet _ '_

NAC _ nacelle toe-in angle, degrees i':i '_,_

NA_ Lip nacelle cowl lip an_le i

Outbd S_a longitudinal station of outboard nacelle location

•. 10
.?
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......_::__ ___,__,__,_ ......._:_,_r_,_i_o_7_I T_I_,__L_,_

........................................r...........• Iii
of the Rockwell International 140A/B Space Shuttle Orbiter. The basic
model is of the blended wlng-bod_ design utilizing a double delta wing

(75°/_5°AL'E")' full span elevons (unswep_ hingeline), a centerline vertical
' " 'tail with rudder and/or rudder flare capability, a canopy, and an orbital

manuevering: system (OMS). To test the orbiter in the ferry mission con-

figuration the OMS pods are removed and air breathing engines are located

in various number/location combinations on the wing and fuselage.
J

_ During the air breathing propulsion system (ABPS) testing the left

_ hand engine pod was instrumented with an 8 tube static pressure and 17 tube

instrumentation was used to determine engine pressure recovery and to

check on the repeatability of nacelle inlet assembly.

For this test period the following nomenclature was used to designate
i

the various model components.

l Component Description I_

B26 I_0A/B Baseline Fuselage

C9 Ih0A/B Baseline Canopy

E26 Full Span Elevon used on Wing Wll 6

F8 Bo_7 Flap used on fuselage B26

J_3_58 Air breathing Propulsion System conPisting of variousnacelle number/location combinations. See dimensional
data

11
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R5 Rudder used on Vertical Tail V8 _!I

V8 I_OA/B Baseline Vertical Tall [

Wll 6 I_OA/B Baseline Double Delta Wing (75°/45°AL.E.)
S = 2690 ft=l w

I Xg+IO Transition Grit located on model nose, swept surfaces,and APBS
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TEST FACILITY 'DESCRIPTION :_

( ) The North American Aerodynamics Laboratory (NAAL) 7.75 x ll-Foot Wind ::_ii
Tunnel is a continuous flow, closed circuit, single return type tunnel i

capable of speeds up to 200 miles per hour. The test section is vented to :i
atmospheric pressure and is 7.75 x II feet wide by 12 feet in length.

Power is supplied by a 1250 horsepower nacelle mounted synchronous motor
driving a 19 foot, seven blade, laminated birch propeller. The airspeed

is controlled by varying the degree of coupling between the motor and
propeller by means of a magnetic clutch. A damping screen and honeycomb

section in the settling chamber upstream from the contraction cone (ratio
7.53 to i) minimizes turbulence in the test section. The NAAL Wind Tunnel

has been in operation since June 19_3 and calibrations are available over

a wide range of test conditions.

Tests may be conducted using a variety of mounting systems, e.g. ; a
single strut, double strut, sting strut, reflection plane, cable suspension,

and two dimensional wall. Aerodynamic data may be measured by a planar
type external balance system or sting mounted internal balances. An Astro-

data Automatic Data Acquisition System is used to collect, multiplex,

digitize, and record 50 channels of force and/or pressure data on magnetic

tape. This data is then rapidly reduced and plotted using automatic data
processing equipment and an automatic digital plotter.

13
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I

I DATA REDUCTION

• i The aerodynamic force and moment data presented were measured by the (......

Task Corporation 2.5-inch MK IX strain gage balance. The data have been

corrected for model base and balance chamber pressure effects, nacelle

internal drag, model blockage influence on tunnel dynamic pressure, wall

interference effects, sting and balance deflections, and model weight tare.

The corrections made to axial force were accomplished in the follow-

....... ing manner:

CAF = CA - CABC - CAB - CAN - CAT

where

CA_c ( _c- (sAB___ _ _ Po) w

• _d CAB -(PB-P°_- )( ' PB --1/5 (PBI +'"+ PB5 )

and C = nacelle internal drag correction

CAT = model axial force weight tare

The followlng reference dimensions were used for reducing all aero-

dynamic _ta to coefficient form:

Defi_itio n Value

AB area of base, ft2 (without OMS) 0.4_00

AI_ area of balance cavity, ft2 0.9850

8w area of wins, ft2 _._120

i
14
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iXMRP center of gravity, fus. sta. _3.597h ii

{_._ ZMRP center of gravity, waterplane 16.2000

LB length orbiter body, in 52.2570

_w(LREF) wins MAC,in 19.2300

_w(I_REF)wir_ span, in 37.9360

axialforcecorrectionfor nacelle 0.002h7

CAN internal_rag,J43 è�Ð�˜�51856+58

Jl_l_,5o_5_,55 o.oo2o6

CmN pitching moment correction for nacelle
internal drag _ J_3 0.00082

J_ 0.00087

J_5 o.ooo25

J46 0.00036

Jb7 0.00070

Jh8,51,56 o.oo07h

J49 0.o0o67

Jso,sh,55 0.00066

J52,53 0.00042

J57 O.O00h9

J58 O.0005h

15
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_)

DATEI "l_./15!73 ......
TESTOONDITIONS

. , i

REYNOLDSNUMBER DYNAMICPRESSURESTAGNATIONTEMPEBATURIMACHNUMBER

(perHitlenl!h) (pogM_M.inch) p (delPnsFlMenheit)

, ' 0.20 .1..MIx 106/Ft. 60 ibsl_2 _O+I20OF

i

i
i

i

I! I

BALANCEUTILIZEI]: Task 2.5" _ I_ .

COEFFICIENT
CAPACITY: ACCURA[Y: TOLERANCE:

SF T_O1be ,_¢ i

AF 200zb8 ±.2_ ,,
PM

RM

VM _ooo_.._-_,bB_ _

COMMENTS:
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TABLEIIIL - MODELDIMENSIONALDATA - Con¢inued.

MODEL COMPONENT :_T,_'_/ON, _6, .. _,) .

GENERALDESCRIPTION: OrbSter elevon eor_tiBu_tton used on

_a -W_I_.....

| w ,m i i, , el

_n_. SCAT._...0.0_0_
_ _11 Jl II I I I I - ills

DRAWINGNUMBER '/L?o-ooo_oo_ VLTO-O001_O_

DIMENSIONS FULL SCALE MODELSCALE

Area - Ft. 2 22_.58 _ 0.367.i

/ Span(equivalent) - In. 36B._4 14.918

] Inb'dequivalentchord- Tn. _ . i_J_,;Outb'dequivalentchord - In. _.14 _>.o_r,

Ratiomovablesurfacecho_d/

_.: totalsurfacechord ' - .

At Inh'd equiv,chord _ 9.210

At Outb'dequiv,chord 0._0 . 0._0

SweepBackAngles,degrees

_ LeadingEdge ._.OOO ._ 0.000

TrailingEdge _ - 10.056

r 'Hingeline _

_- AreaMoment(Normalto hingeline)_t_ .j_,_].5._ o.O57,.

24L
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i_t !,1 T/_J3_Ill. - MODELDIMENSIONALDATA- Continued.

l MODELCOMPONENT: c_l_z " _ ............

i GENERAl.DESCRIPTION: Orbiter canopy - Conf$£ur_t$on used on bod_t
I

l _6. , ........

- ........ i i t

. . t t

DRAWINGNUMBER' _V_TO-OOOIlIOA,V_70-OOO_-_3_

DIMENSIONS', FULL SCALE t_ODELSCALE

1974021172-030



FinenessRatio

Area- Ft. 2

Max.Cross-Sectional ....

Planfort. 158.85 9,261

Wetted _ , .,

Bose 0.06q'

26
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TABLE III.- MODEL DIMENSIONAL DATA - Continued.

MODEL C01_ONDiT: AIR _THING PROPULSION S_fSTEM- J4_

pods. Inlet has aho_ cowl_ 7° cowl 1Lp anEle t short flow diverter t and

7° diverter l_p a_le. BRsel_ne enEine position @ F,S, _.

MODELSCALE: 0.0_O5

DRAWING10.: SS-A00139

DIMDISION (EACH NACELLE): FULL SCALE MODEL SCALE'

Length - Z.. 209.51 8._8_

Max. Wldth - In, 66.00 2.67_

Max. Depth - In. 66.00 2.673

Max. Pylon Wldth_ In. 19.75 0.800

Area- In.2

Max. Cross-SectLonal 2737.30 _.490

Capture 1900.9e , _.118

Wetted

Base
i

e}keelle Sta. O.0 @ WING PODS _ PODS

Outboard Inboard Left
Hodel Sta. - Zn. 3B._75 38._75 38.-_ 3_._7_
Waterplane - In. 9.665 9.665 9.310 9.310
Buttock Plane - In. _+11.583 _+ 8.910 - 1.337 + 1.337
Incidence Ansle - Deg. 3.933 3.933 3.933 3.933
Nacelle ClearanQe 0.608 0.608 0.1_ 0.1_
Toe-In A_le 5.000 5.000 0.0 0.0

_A11 numbers Ln model soale

27
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TABLE III. - MOEEL DIMENSIONAL DATA - Continued.

DESCRIPTION: Six engines installed in three nacelle pods flush- _,J

mounted to underwtn_ surface, inlet has short cowl t 7° cowl lip armlet

short flow dtverter t and 7° dtverter lip an_le. Baseline engine position

• F.S. 950 L and lO5O _n6 pods.

MODELSCU_. 0.O_O_

DRAWING NO.. SS-AOO139

DIMENSI0gS (EACH RACELLE) FULL SCALE MODEL SCALE

Length- In. 209.51 _._8S

Max. Width- In. ..66.00 2.67_

Max. Depth - In. 66.00 2.673

Max. Pylon Width - In. -- --

Area- In. 2

Max. Cross-Sectional 2737.30 4._90

Capture 1900._ 3.118

Wetted

bee
i .i

_qttcelle 8ta. 0.0 • WJ]O PODS I POD
Outboard Inboazd Le_"---RtRht

_el s_. -In. _._5 _._5 38.7_- _
1_terplane - In. lO.110 10.110 9.370 9.370
Buttock Plane - In. _+11.583 _+8.910 - 1.337 + 1.337
InoIdenco Ansle -Deg, O.0 O.O O.O O.O
IlaQelle Clearance - In. 0.0 0.0 0.0 0.0
Toe-In Aa¢1.e - peg. 5.000 5.000 0.0 0.0

• AI1 numbers in aodel soale

32
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TABLEIll. -MOIBL DX)_WIO_L DATA - Continued.

.on= m.m.m+, _ ,mm_moxmonmsxmsxsmm,,-,,+._o

_I_?_A'XOII: Five siagle enRiae, :l.astalled undervla8. lalet has (] i

short covl a 7° eovl lip anEle t short flov diverter_ 7° diverter lip angle.

34
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....... i ............. .... ill //i _ _i........ :_...................... _..........

TAllI_I|I. - MODELDIMENSIONALDATA- ContSnued.

MODELCOMPONENT:•AIR BREATHING?ROP_J.LSI_ISYSTEM- 051
m i i i •. ..,

GENEPJ_,.,DESCRIPTION:Stx.,engtnes]nstalled tn three nacelle, podsflush mountedi _l i i i i i jl i i| m |

7° cowl upangle, sh_rt flowto undenvtnosurface, lnl.et has short cowle .....

dtverter, end7" dtverter 1!p _gle. 8a_sel|neen_tneposttton 0 F.S. 440 I:pod
andF.,.S.1100w.!nopods.

MOOELSCALE:0.0405 .

DRAWINGNO.: .SS:A00139

DIMENSIONS(EACHNACELLE): FULL.SCALE MODELSCALE

Lenqth- In. 209.51 8.485

Max. Htdth- In. 66.00 2.673

Mix. Depth- In. .66.00 2.673
Max. Pylon Ntdth ° In.
Area - In. 2

Max. Cross-Sectional 2737.30_ 4.490

Capture 1900.92 3.118
Netted

l: POD//Necel le sta.o.mp
_tboard Inboard "_ -_-_4_1...._

Made1Sta. - In. 44.550 44.550 17.820 17_820
_taterplane- In. 10.110 10.110 9.370 9:.370
Buttock Plane- In. ± 11.583 ± 8.910 - 1.337 + 1.337

IncidenceAngle- .Def_ 0.0 0.0 0.0 O.ONacelle Clearance . 0.0 0.0 0.0 O.O
Toe-ln Angle - Dog. S.O00 S.O00 0.0 0.0

,,, *All numberstn models©ale

L
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TABLE III• - MODEL DIMENSIONALDATA - Continued.

MODEL COMPOIq_: AIR _REATHING PROPULSION SYST_- J_

CJ
C_RERAL DESCRIPTION: Five sin_le engines installed underwlnE. Inlet has

short cowl, 7 cowl lip an_le_ short flow divertert 7 diverter lip _ngle. _+_

P_lon brace struts have been +addedto pylons. See insmllatlon photographs. +i

MODELSCALE:0.0_05 '?i
DRAWING 110.: SS-AO0139

DIMENSIONS (EACH NAC_-t.m): FULL SC,.4_,. MODEL SCALE

+Lem+th- I.. aO_.S! _+2_,,,,___

Max. Width - In. 66.00 _.67_

Max. Depth - In. 66.00 2.67_

_,.Max.Pylon Width - In. ___9_ 0.800
l

Area - In.2 ++

Max.Oross-Sectiorml _ 4.490 _ _i

c,,ptu,-_ 19oo.9a 3.ll8

Wetted _
+
++

Bsse +.i+

+I m.o mm_. Born+_oI_ +_
_celle Sty. 0.O @ Outboard Inboard Centerllne +
Model Sta. O.0 @ ± _0.500 _+36Ji50 3B.+75 +i

W_terplane - In. 9.621 9.230 9.310 !i
Buttoak Plane - In. _+12.920 _+ 8.990 0.0
IneldenceAngle - Dog. 3.933 3.933 3.933
Maeelle Clearance -In. O.608 0.608 O. 1_
Toe-In Ansle - Dog. 5.000 5.000 O.O

• All numbers in model scale

38
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TABLElll. -MDIZL DIMENSIONALDATA - Continued.

J,, Is

_. I_ GENERALDESCRIPTION: Five slnEle engines, installed underw2ng. Inlet _.as

short oovla _ cowl lip anElea, short flow diverter a 7 di.verter lip angle.

I
_ -,,, t |

MODELSCALE: O.0_O5

DRAWING110. z SS-aO0139

DZ_SZOSS(neemcEu_): rOLLSOU: MOrtaLSCAL_

_n_h- In. 209.5_ 8._

Max. W,dth- I-. _ 66.00 @.673

Max. Depth - In. 66.00 2.673

Max. P,3'3.onWidth - In. 55.00 2.228

Area - In. 2

M_x. Cross-Sectlo_l _737.30 _._90

Capture _00.9_ _._8

_e+_ted

Base

WING ENGINE BODY ENGINE

_laeelle Sta. O.0 0, Outboard Inboard Centerltne
)_le_ Sta. - In. _+_-_--+ 36._50 38._75 _
Wster_lane - In. 9.621 - 9._30 9.310
_too_ P_e - z.. _.+_._o _+ 8.99o o.o
Znotdenee An_le - DeS. 3.933 3.933 3.933
Baeelle Clearance- In. 0.608 0.608 ..0.I_2
Toe-ln An_le - De_. 5.000 5.000 O.0

eJ_11 numbers In umlel soale

.39

1974021172-044



TABLE III, - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT: AIR BREATHING PROPL.'LSIONSYSTEM - J_6
J

_ I GE_ENAL DESCRIPTION: Six single e_tnes installed underwln_: flu_h-mounted.

Inlet has short cowl_ 7° cowl llp angle, short flow diverter,,.(odiverter

llp an£1e.

MODEL SCALE, __ i_l

DRAWING NO.: $8-A00139

DIMenSIONS (EACH NACELLE): FULL SCALE MODEL SCALE Ill

209,51 ... 8,48_ !i
Lensth In,

Max. Width - In, 66,00 2.67_ _

Max. Depth - In, 66.00

i t _. _on _dth-Zn. -- ..

Area - In. 2

./

Max. Cross-Sectional _ 4. _X_ .....

Capture 1900,92 • 3.118

Wetted -- !_

Base :_
¼

.... WINGENGINE I_ODYENGINE i_!_!i_Jacel_e Sta. 0,0 @ Out-board Inb'oard Left ..... _ .
_odel Sty. - In, _3.619 _ _U_75 3_,_75
Waterplane - In, ii,_95 11,182 9,537 9.537 _iI
Buttock Plane - In, _+i_.9_O _+8,910 - 2,228 + 2,228 _:_
Incidence A_le - De_, O,O O.O O,O O,0
_acelle clearance - In. 0.0 0.0 0.0 0.0
Toe-ln Ans_e - De_, 5,000 5.OO0 O,0 O.0

CAll numbers in model scale.
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. i
4

MODEL COMPONERT: AIR BR_ING PROPULSION SYSTEM - Js_

G_ DESCRIPTION: Six single envies a two on f_sela_e sides at Sta. 1120; (I '

four under_vl_ at Sta. _O and Sty. i_. I-let Iresshort eowl_ 7° eo_l lip

angle t short flow dtverter a 7° dlverter lip am_le.

MODEL SCALE: n n_ 5 !

II_G NO.: SS-A_139 _

DI_SIONS (EACH NACELle): _3LL SC_I_ MODEL SCALE

I_th - In. _9.51 g._8_

Max. Width - In, 66.00 ___ ;_

Max. Depth - In. 66.00 2.673 1
Max.PylonW1d_ - In. 19.75 ___ ;-!

Area - In.2

i :_ Max. Cross-Sectional 2737.30 _. 4qO

• Capture 1900.92 _

Wetted

n-se

I_ WIJG E_GIRE i_ft_DY ENGINE

*Nacelle Sta. O.0 @ Outboard Inboard
Model Sta. - In. _O.500 38._75 5_T_.360 _ i
Waterplane - In. 9.230 9.270 16.605 16.605

I Buttock Plane - In. + 8.910 _+2.2_8 - 6.359 6.359Xneldence Angle - Deg. 3.933 3.933 O.O 0.0
Nacelle Clearance - In. 0.608 0.243 0.871 0.871 i_
T_e-ln _e - De_. 5.000 5.000 O.0 0.O

*AlL numbers in model scale ;t

• _
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'_ TABT,_,ZZI.,- MODELDIMENSIONALDATA- Continued. i _

MODELCOMPONENT:.......I_ODDP.,R- R5 ...... ,, i,,
- I

GENERALDESCRIPTION: _0_'_-_' _.,,,ta,=,,,,_,=a,,,, _'..,In'r.AT.. v,, , !

I

Ii L ' I I II _'_ ' " "

_o_ sc_: oo_5 !
f

DRAWINGNUMBER' _ VL70-000095......... i

I !

DIMENSIONS FULL SCALE MODELSCALE

Area - _'t.2 _ 0.17_

Span(equivalent) - In.

Inb'dequivalentchord- l"n. q1._9 _.'t09

Outb'dequivalentchord- "rn. r_.g 3 , 2.o,;q,

Ratiomovablesurfacechord/
totalsurfacechord

At Inb'dequiv,chord , o.1_ 0;_)0
! i

AtOutb'dequiv,chord n _ n

SweepBackAngles,degrees _ .

LeadingEdge _L.8"_ _. 8_.. !

TrailingEclge _ ,

Hingoline 3_..830 • ._g.8_:) i ,.,

AreaMoment(Normalto hingeline)Eft.3. 5_._ ez.n___,. , .

.+.

43
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.... TABLE III. - .MODELDIMENSIONAL DATA - Continued.

MOOELCO_ON_T: .. NING,..WL__ _ , .

GENERALDESCRIPTICN:orhlt_ r_l+_ t_ _.._.,,..t_n. ,,,_._ n- _,nv n3_ ......

[ • II I I I I ill I I I _ __
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"_. TABLE III. - MOIEL DIM_SIOmAL I_TA - Continued.

) G_R_2t_ DESCRIPTION: Grit located on model no_e and all swept surface_

to provid.e forced boundar_ la_er tra n@ltion.

NOMINALGRIT D_ - IN.

Fuselase 0.00_

All surfaces except fuselage 0.0076

STRIP THICKNESS - In. 0.10

LOC_TZON:

Inches aft of local leadt_ edge
(streamrlse) 1.00

I
I

.)

_ 47
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:i

TABLE III. - MODEL DIM_ISIONAL DATA - Concluded.

MODELCOMPO_BT:TRA_ITIOWGRITXlO
4I i_

GENERALDESCRIPTION. Grit located on nacelle inner and outer _urface

to provide forced bo_ d, last tm_tt$on.

_ |

NOMINAL GRIT DI£MEI_ - IN. ?

Nacelle 0.0054

All surfaces except --celle 0.0076 !

1

STRIP TffICKNES8 - In. 0.10 :_
LOCATION.

Inches aft of local leadLng e_e

(sU'eQ_se) 1.00 i

48
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• ..?E 1So Max. _EL.,6ER

Aileron _: Elevon Deflections

+ "' _- 6-" 13.7S"

Body Flap Deflections
Figure 1.., Concluded.

- b. Sign Convention for Control Surfaces I +

50
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a. Front view, NAAL [nst,%llat_on, configuration

B26 C9 F8 J48 W[I.6 _26 V8 R5 Xl0

L

i b. 'Bottom view, NAAL installation, nacelles J5}! with brace struts

! Figure 3. Model photographs. 1 }

1

52
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e. Fl-ont. viexz, NAAI., i.n:_.a.lilat [,_u, coufigu_','_t:i.on

B:?6 C9 F8 ,r56 W116 1,2t, x-Io

f. Front; view, RAM, ._.nsta.Llat,iou, ctu_i':Lguratlon

Bp({ C0 }'8 J57 W11.6 E26 V8 115 X:l.0 I

Figure _. Concluded,
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APPENDIX

i TABULATED SOURCE DATA
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